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Abstract
The time relaxation of the magnetization in a FeTe0.7Se0.3 crystal has been investigated at diﬀerent temperatures for
applied magnetic ﬁelds up to 9 T. A power law time dependence of the magnetization has been observed in a wide range
of times, temperatures and magnetic ﬁelds, being a sign that vortex motion occurs in the single vortex creep regime. A
time relaxation of the magnetic ﬁeld value at which the peak eﬀect in the m(H) curves occurs has also been observed.
c© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and Peter Kes.
Keywords: Chalcogenides, Vortex Pinning, Vortex dynamics
1. Introduction
The time evolution of the magnetization in type-II superconductors in the mixed state has been widely
studied both in low- (LTS) and high-temperature (HTS) superconductors. These studies have been particu-
larly important both for understanding the physics of the superconductivity and for evaluating the application
limits of superconductor based devices. The same interest observed in the past on LTS and HTS is nowadays
shifted to the recently discovered iron-based superconductors. To date, ﬁve families of Fe-based supercon-
ductors have been discovered: REOFeAs, (”1111”, RE=rare earth) [1], AFe2As2 (”122”, A=alkaline earth)
[2], LiFeAs (”111”) [3], Fe(Se,Ch) (”11”, Ch=S, Te) [4, 5] and the most recently discovered ”21311” fam-
ily of Sr2MO3FePn (M=Sc, V, Cr and Pn=pnictogen) [6]. Among these families, iron chalcogenides are
considered of particular interest because of their simple crystal structure consisting of Fe ions tetrahedrally
coordinated by Se and Te arranged in layers stacked along the c-axis, without any other interlayer cations,
as occurs in the pnictides. For this reason, iron chalcogenides are generally considered an ideal candidate
for understanding some open issues of high-temperature superconductivity.
The critical state of the vortex lattice, which determines the hysteresis in the magnetization curve of type-
II superconductors, is a metastable state. It follows that vortices tend to hop out of their pinning-potential
well in order to reach the conﬁguration of absolute minimum energy. Such motion usually arises from
thermal activation, but it can also arise from quantum tunneling (at low temperatures) or can be stimulated
by external perturbations, such as microwave shaking of the vortex lattice [7]. Magnetic relaxation processes
have been observed in diﬀerent low-temperature superconductors [8]. However, the subject has become
of even greater interest after the discovery of high-Tc superconductors, because of the higher operating
temperatures and of the small activation energies related to the short coherence length and large anisotropy.
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The concept of thermally-induced hopping of the ﬂux lines has been ﬁrst treated by Anderson and Kim
[9, 10]. In the framework of their model a logarithmic dependence of the magnetization (M) on the time (t)
is expected, if it is supposed that the pinning potential-energy barrier height (U) decreases linearly with the
current density (J), i.e. U = U0(1− J/Jc). This behavior has been veriﬁed in diﬀerent superconductors, both
low Tc and high Tc; however, in many experiments, deviations from the logarithmic dependence have been
observed, indicating a failure of the approximations that bring this expectation [8, 11]. In the framework
of the collective pinning theory a more complex expression for the U(J) dependence is proposed: U(J) =
U0/μ[(Jc/J)μ − 1] where μ is a parameter ranging from 0 to 1 as a function of the vortex-vortex and vortex-
pinning center interaction [12, 13]. For example, in three dimensional systems μ = 1/7 when the creep is
dominated by the motion of individual ﬂux lines, μ = 3/2 in the case of collective creep of small bundles
and μ = 7/9 when the bundle size is much larger than the Larkin correlated lenght [13]. In 1991, Vinokur,
Feigel’man and Geshkenbein proposed a theoretical model for the thermally activated ﬂux creep, assuming
a logarithmic dependence of the activation energy on the critical current, U(J) = U0ln(Jc/J) [14]. This
dependence of U over J is a good approximation for the creep activation barrier in the single vortex creep
regime (limit μ → 0) and provides a proper ﬁt of the experimental U(J) dependence observed in diﬀerent
superconductors [15, 16, 17, 18]. The U(J) expression proposed by Vinokur et al. has the peculiar property
of diverging as J → 0. This divergence can be understood considering that vortex motion is possible only in
the presence of a current and this can be described in terms of a diverging creep barrier at J = 0. In the case
of the logarithmic dependence of the activation energy on the critical current, a power-law time dependence
of the magnetization is expected [14].
In this paper we investigate the magnetic relaxation processes of a FeTe0.7Se0.3 crystal at diﬀerent tem-
peratures and for applied magnetic ﬁelds up to 8.8 T. A power law dependence of the magnetization on time
is observed in a wide range of times, temperatures and magnetic ﬁelds, indicating that vortex motion occurs
in the single vortex creep regime.
2. SAMPLE AND EXPERIMENTAL
The FeTe0.7Se0.3 crystal investigated has been grown by the Bridgman-Stockbarger method, starting
from a Fe:(Te,Se) ratio of 0.9:1. Details of the procedure used for preparing the sample are reported in
Ref. [19]. The reﬁned composition of the sample is Fe1.013Te0.68Se0.32 [19], indicating a very low iron excess.
According to the phase diagram of the compound [20], a little excess of Fe is needed for stabilizing the
structure. However, it has been shown that limiting the Fe content is very important in order to obtain good
quality samples since reducing the Fe excess in Fe1+xTe1−ySey favors the occurrence of superconductivity
and weakens the antiferromagnetic order [19, 21]. It is also worth mentioning that, due to Se-doping for Te,
less Fe is allowed to occupy the additional site, since both the eﬀects of reducing x and increasing y result in
shrinking and re-shaping the FeTe4 tetrahedra; so, the lower is the Se content, the more diﬃcult is to limit
the Fe excess.
The crystal investigated, weighting ≈ 50.5 mg has been characterized by x-ray diﬀraction (XRD) both
in a powder diﬀractometer (on manually ground crystals) and in a 4-circle diﬀractometer. The rocking
curve extracted indicates the presence of a distribution of the c-axis crystallites with a full width at half
maximum (FWHM) of about 1.4◦. The susceptibility curve χ(T ) has been deduced from a zero ﬁeld cooled
M(T ) measurement performed at 10 Oe by a Superconducting Quantum Interference Device (SQUID) with
the ﬁeld applied along the c axis and it has been corrected for the demagnetization eﬀects. The χ(T ) curve
exhibits a superconducting transition with Tc ≡ [T (10%)+T (90%)]/2 ≈ 10.2 K, ΔTc ≡ T (90%)−T (10%) ≈
0.8 K and low temperature values of ≈ −0.98.
The relaxation of magnetization has been studied by means of a vibrating sample magnetometer (VSM)
over periods of time up to 6000 sec, for ﬁxed values of temperature and magnetic ﬁelds applied both parallel
and perpendicularly to the c axis. In order to perform measurements in the trapped ﬂux conﬁguration, the
relaxation measurements were performed with the following procedure: i) the sample is zero-ﬁeld cooled;
ii) the magnetic ﬁeld is increased from zero to 8.8 T with SR= 2T/min; iii) the ﬁeld is decreased from 8.8 T
to 8 T with SR= 0.1 T/min; iv) the magnetic relaxation at 8 T is recorded for 6000 sec; iv) the ﬁeld is
decreased by 1 T with SR= 0.1 T/min; v) the magnetic relaxation is recorded for 6000 sec. Steps iv) and v)
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are repeated for registering the relaxation down to 0 T, in steps of 1 T. Furthermore, by means of the VSM
we have also measured the magnetization curves at diﬀerent temperatures and for diﬀerent orientations of
the applied magnetic ﬁeld, with diﬀerent values of the magnetic ﬁeld sweep rate (SR).
3. RESULTS AND DISCUSSION
Fig. 1 shows the magnetic-moment (m) vs external ﬁeld (H) curves obtained at T = 4.25 K for H ‖ c and
H ⊥ c. The curves have been acquired using a sweep rate of the magnetic ﬁeld of 2 T/min. A second peak
in the m(H) curve with a maximum at μ0H ≈ 2.6 T is clearly observed for H ‖ c. The peak eﬀect has already
been detected in the FeAs-1111 phase [22, 23], in the FeAs-122 phase [24] and in the Fe1+xTe1−ySey [25].
A thorough understanding of the physical origin of the phenomenon in the iron-based superconductors has
not been achieved, yet. However, an in-depth study about the peak eﬀect in the FeTe0.7Se0.3 superconductor
is beyond the aim of this paper and will be reported elsewhere.
In all the M(H) curves obtained in the range of temperature 0 ÷ Tc, it is present a paramagnetic back-
ground that is clearly visible only for T  5 K. The paramagnetic signal, χ ≈ 4.6 · 10−5 (CGS units), is
present also for T > TC as clear from the inset of Fig.1 reporting the m(H) curve measured at 20 K with the
ﬁeld applied along the c axis. It has been proposed that in the Fe1+xTe1−ySey system there is a coexistence
of incommensurate magnetism and superconductivity [41, 42]. The magnetic behavior is expected to be
strongly dependent on the actual Fe content and for samples with a nominal composition very similar to the
one of the sample here investigated the ordering temperature should be of ≈ 1.7 K [42]. Our result indicates
that even when the sample is in the superconducting state it is present a paramagnetic contribution. However
we cannot discriminate if it is due to a real coexistence of magnetic and superconducting orders or if there
is a macroscopic phase separation into superconducting and magnetic clusters due to local inhomogeneities
in the sample .
In Fig. 2 it is reported the relaxation of the magnetization normalized to its maximum value, obtained at
diﬀerent temperatures and for diﬀerent values of the magnetic ﬁeld, which is applied parallel to the c axis. In
the graph there are not reported the curves corresponding to H values for which the magnetic moment gets
values smaller than the sensibility of our experimental setup, during the relaxation. At all the temperatures
and ﬁelds investigated and for times greater than ∼ 50 sec, a linear dependence of M vs t is observed in
log-log graph, indicating a power-law dependence of M vs. t. An analogous behavior has also been detected
for magnetic ﬁelds applied perpendicularly to the c axis. It has been shown that deviations from the expected




Fig. 1. Magnetic moment vs. external ﬁeld curves obtained at T = 4.25 K for H ‖ c and H ⊥ c. The inset shows the results obtained at
T = 20 K when the sample is in the normal state.
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Fig. 2. Plot of the magnetization vs. time (on a log-log scale) at diﬀerent temperatures and for diﬀerent values of the applied magnetic
ﬁeld.
ramp is stopped [11]. This overshoot produces a shielded ﬂux zone in proximity of the surface of the sample,
which aﬀects the initial relaxation process.
As already described in the introduction, in the framework of the Anderson and Kim theory, a linear
dependence of M on log(t) is expected; this result stems from two basic assumption: i) the pinning potential
energy decreases linearly with the current density: U = U0 (1 − J/Jc); ii) U0/KbT 
 1, which allows to
hypothesize that the thermal-induced hopping rate is proportional to the Arrhenius factor e−(U0/KbT ). Actu-
ally, supposing a linear dependence of U on J is only a ﬁrst-order approximation whose validity has been
demonstrated to fail many times [8]. As reported by Vinokur, Feigel’man and Geshkenbein, a power-law
dependence of M vs. t is expected if a logarithmic dependence of the activation energy on the current den-
sity is supposed: U(J) = U0 ln(Jc/J) [14]. In this case, the following expressions for the time dependence
of M are predicted:
ln(M) = cost − [x f (t)/d](kbT/U0) ln(t/τ0) , for t  t∗ (1)
ln(M) = cost − (kbT/U0) ln(t/τ0) , for t 
 t∗ (2)
where d is the thickness of the sample, x f (t) is the position of the ﬂux front and t∗ is the time at which the
sample is fully penetrated [14, 18]. Supposing a logarithmic dependence of the activation energy on the
current density is a very good approximation for single vortex regime in the framework of the collective
pinning theory [8, 13]. Consequently, our result indicates that in the range of temperatures and magnetic
ﬁelds investigated the creep is dominated by the motion of individual ﬂux lines.
Fig. 3 shows the S = |d log M/d log t| values obtained at diﬀerent H values at T = 4.25 K. All the curves
show a minimum at μ0H ∼ 1 T; furthermore, for a ﬁxed applied ﬁeld, the higher is the temperature the
higher is the deduced S value. Since S is related to the pinning potential-energy barrier height [8, 13], this
feature indicates a lowering of the barrier height on increasing the temperature. Furthermore, the minimum
observed in the S (H) curve would indicate a maximum in the pinning eﬃcacy when μ0H ∼ 1 T. The
magnetic ﬁeld value at which the minimum in the S (H) curve occurs is lower than the H value at which the
second peak in the m(H) curve has been detected (see Fig. 1). This result can be connected to the relaxation
of the vortex conﬁguration which determines the peak eﬀect, which we have observed by measuring the
m(H) curves at diﬀerent sweep rates (SR) of the external ﬁeld, as shown in the inset of Fig. 3. In fact, it has
been demonstrated that the dependence of the hysteresis amplitude on the sweep rate contains basically the
same information of the time dependence of the magnetization during relaxation. In particular, the higher
is the sweep rate, the shorter is the eﬀective “observing time” in the m(t) curve [43, 44]. In the inset of
Fig. 3 it is also reported the m(H) curve acquired by the SQUID. In this case, one can assume SR = 0 since
any variation of H during the acquisition can be neglected. Moreover, since the acquisition time is of some
seconds, one has also to consider that the measured m value has already relaxed. A remarkable variation of
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Fig. 3. Field dependence of the relaxation rate S = |d log M/d log t| at diﬀerent temperatures. The inset shows a zoom of the m(H)
curves acquired by the VSM for diﬀerent values of the magnetic ﬁeld sweep rate as well as the measurement acquired by the SQUID.
the m(H) curves associated to diﬀerent characteristic times is present, as a consequence of the relaxation in
time of the magnetic moment. Furthermore, it is very interesting to note that the position of the second-peak
moves towards low H values during the relaxation, which indicates that the magnetic ﬁeld value at which
the second peak in the m(H) curve is obtained relaxes in time.
4. CONCLUSION
We have investigated the magnetic relaxation of a FeTe0.7Se0.3 crystal. We have observed a power law
time dependence of the magnetization in a wide range of temperatures, magnetic ﬁelds and times. The
observed behavior indicates a logarithmic dependence of the pinning potential energy barrier height on the
sustained current density. In the framework of the collective pinning theory, the observed behavior indicates
that vortex motion occurs in the single vortex creep regime. The variation of the relaxation rate S as a
function of the applied magnetic ﬁeld has also been deduced. The results indicate that there is a minimum in
the S (H) curves obtained at diﬀerent temperatures for H ∼ 1 T. The minimum in S (H) has been correlated
to the peak eﬀect observed in the m(H) curves whose position has been observed to relax in time.
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